Purpose: Radiotherapy with concurrent temozolomide (TMZ), followed by 6 cycles of adjuvant TMZ, is the standard of care for newly diagnosed Glioblastoma Mulltiforme (GBM). However tumor progression is the role with median survival of almost 14 months. With lack of effective second line chemotherapy, many physicians and some guidelines advocate prolonged use of adjuvant TMZ more than 6 months. We conduct this study to test the efficacy of protracted adjuvant conventional dose TMZ over the standard 6 doses of adjuvant TMZ. Material and Methods: This phase II trial enrolled patients newly diagnosed as GBM, older than age 18 years, with a Karnofsky performance score (KPS) of ≥60, Neurological Performance Scale (NPS) of ≤3. Patients were randomly assigned to the standard concurrent chemoradiotherapy (CCRT) followed by 6 cycles of adjuvant TMZ or the same treatment with more than 6 cycles of adjuvant chemotherapy extended as long as the patient in good performance, with no unacceptable toxicity, no signs of disease progression. The primary end point was OS. Results: A total of 59 patients were recruited in the study and were randomized in two arms. 29 patients joined arm 1 aiming at receiving CCRT followed by adjuvant 6 cycles TMZ (6 cycles arm) and 30 joined arm 2 aiming at receiving the same treatment with more than 6 cycles of TMZ (>6 cycles). 16 patients managed to complete the adjuvant 6 cycles in arm 1. 19 patients in arm 2, completed the 6 cycles with additive more doses with a median of 11 cycles (range: 8 -23 cycles). Median PFS was 12.1 months for (6 cycles) arm, and 18.8 months for (>6 cycles) arm, HR 0.88 (95% CI: 1.185 -4.901) (P 0.015); the overall survival for (6 cycles) arm was 18.1 months, versus 24.1 months, HR 0.70 (95% CI: 1.007 -4.037) (P 0.048). No significant added toxicity was notice and the 4 weekly TMZ was well tolerated. Conclusion: This study concluded that protracted adjuvant TMZ after concurrent chemoradiotherapy could be a feasible strategy for GBM. This strategy warrants a large phase III randomized trial.
Introduction
Gliomas are the most common form of malignant primary brain tumors in adults, with an annual incidence of approximately four to five per 100,000 people [1] . It has a poor prognosis despite surgery, radiotherapy (RT) and chemotherapy [2] . Stupp and colleagues (2005) published the result of a phase III study conducted over 573 patients from 85 centers by the European Organization for Research and Treatment of Cancer and the National Cancer Institute of Canada (EORTC/NCIC) comparing between maximum safe resection or biopsy followed by radiotherapy versus adding concurrent temozolomide (TMZ) followed by six cycles of adjuvant TMZ. The median survival was 14.6 months with radiotherapy plus temozolomide and 12.1 months with radiotherapy alone. The two-year survival rate was 26.5% with radiotherapy plus temozolomide and 10.4% with radiotherapy alone [3] .
The updated 5-years survival result was 9.8% in the RT with TMZ compared to 1.9% in RT alone group [4] . These randomized prospective data were the first to demonstrate a significant and meaningful survival benefit when a chemotherapeutic agent was given in combination with RT in this disease hence it constituted the current standard of care for the adjuvant treatment of GBM.
Even though with such improvement in survival with such practice, recurrence is the rule and the majority die within the first 2 years.
In view of paucity of effective second line, and aiming for delaying recurrence and improving survival many oncologists at real practice prescribe more than the standard 6 cycles. This is encouraged by the overall tolerable side effects of the conventional dose schedule of TMZ [5] .
Hau and colleagues surveyed neuro-oncologists regarding patients treated with temozolomide for at least 12 cycles. Patients receiving first-line temozolomide for a median of 13 cycles had a median progression-free survival (PFS) of 14 months. A small percentage of patients experienced grade III to IV toxicity, and concluded that these results suggested that long-term treatment with temozolomide was feasible and well tolerated [6] . Seiz and colleagues published a study over 114 patients in a single institution who received the standard CCRT followed by adjuvant TMZ for stable and responder patients. Cycle's number ranged from 1 -57 cycles. Median OS in all patients was 15 months (95% CI: 13 -18 months). TTP and OS directly correlate with the amount of chemotherapy cycles (each P < 0.0001) [7] .
Malkoun and colleagues also concluded the feasibility and safety of prolonged adjuvant TMZ in a retrospective study [8] . While Khasraw et al. reported three patients who tolerated TMZ for 5, 7 and 8 years [9] . Moreover some guidelines suggest more cycles or maintenance strategy for patients with a partial response or with continuing radiological improvement at the end of the sixth cycle [10] .
So aiming to maximize the benefit of temozolomide (TMZ), which is the backbone in the treatment of brain tumors, we conduct this study to assess the efficacy of protracted adjuvant temozolomide as long as patients do not show disease progression, unacceptable toxicity, and in reasonable general and neurological performance.
A prospective phase II randomized trial in which glioma patients were divided into two groups: group one received post surgery CCRT followed by 6 cycles of adjuvant TMZ (EORTC/NCIC protocol) and the second group received the same treatment with more than 6 cycles of chemotherapy or till disease progression.
Primary endpoint is OS of patients who receive more than 6 cycles of adjuvant versus the standard adjuvant 6 cycles. Secondary endpoint is PFS of the same groups, PFS and OS based on intension-to-treat (ITT) analysis to the two randomized groups.
Material and Method
Patient accrual started on October 2008 till August 2012. Inclusion criteria included: adult patient, histological proven diagnosis of WHO grade IV astrocytoma, karnofsky performance status of 60 or above, and medical research council (MRC) Neurological Performance Scale (NPS) of 3 or better.
The patients should undergo surgical intervention aiming at maximal safe resection of the gross disease and if not feasible, patient showed have at least biopsy for establishing the diagnosis.
The patient's treatment followed the (EORTIC/NCIC) protocol [3] . They received CCRT for 6 weeks. Radiotherapy aims a total dose of 60 Gy, conventional fractionation, through three-dimensional conformal radiotherapy (3-DCRT) or intensity modulated radiotherapy (IMRT) techniques. Clinical target volume included the gross tumor volume with a 2 -3 cm margin. Smaller margin might be appropriate to avoid sensitive structure in presence of anatomical natural barriers that can impede the contiguous spread of tumor cells [11] . It may start 4 -6 weeks after surgery after removal of the staples or sutures.
Concurrent chemotherapy consisted of TMZ (supplied by Merck company) at a dose of 75 mg/per/m 2 , given 7 days per week from the first day of radiotherapy until the last day of radiotherapy, but for no longer than 49 days. Patient should be seen weekly with complete blood picture (CBC), with general, neurological assessment, and management of TMZ dosing according to Table 1 .
After a 4-week break, patients were then to receive 4 weekly adjuvant temozolomide at a dose of 150/m 2 /day for first adjuvant cycle, can be escalated to 200 mg/m 2 /day during next cycles so long as there were no hematologic toxic effects. If ANC was <1.0 × 10 9 /L, platelet count < 50 × 10 9 /L, and if CTC non hematological toxicity (except for alopecia, nausea, vomiting) is CTC Grade 3, this may mandate reducing the dose to 100 mg/m 2 /day. If toxicity mandates further reduction TMZ should be stopped ( Table 2) .
Anti Pneumocystis pneumonia (PCP) prophylactic Trimethoprim-sulfamethoxazole 960 mg was offered every other day during CCRT [12] . Antiemetic was offered before the initial doses of concurrent TMZ and per demand during the adjuvant five-day courses of TMZ. Anti-epileptics were offered for patients who have history of seizures.
All patients should be assessed clinically and neurologically on presentation. All patients should undergo baseline contrasted neuro-imaging with magnetic resonance imaging (MRI) or CT scan of 2.5 to 3 mm slice thickness. MRI more preferred, where the T1 with contrast series can be used as fusion images with the CT simulation planning for better gross tumor volume (GTV) delineation. CBC, renal and liver functions tests to be done one week before chemotherapy.
The planning CT scan is extended to encompass the head and neck region (At least up to C4 levels) to allow sufficient anatomic areas for proper image fusion and to permit the introduction of non-coplanar beams Patients were seen weekly during CCRT, and 3 -4 weeks after the completion of radiotherapy. During adjuvant temozolomide therapy, Patients were evaluated for response using clinical and neurological examinations performed monthly before each cycle and MRI or CT neuro-imaging performed after 6 months of adjuvant TMZ and then 3 monthly afterword. Imaging can be done before 6 months if clinically indicated. MRI spectroscopy or CT/PET scan (Positron Emission Tomography) can be done for better differentiation of progression versus post treatment effects (pseudo-progression). Patients who finished 6 cycles of adjuvant TMZ without clinical and radiological evidence of disease progression were randomized either to follow up or to continue TMZ until disease progression.
Responses were confirmed as complete or partial if they were constant at subsequent scans obtained at least 4 weeks apart from each other. Progression defined as increase in tumor size by 20 percent, the appearance of new lesions, or an increased need for corticosteroids [13] (see Appendix). Neurological status was assessed by considering signs and symptoms possibly correlated with progression, as compared to the previous examination; each variation in daily corticosteroids dosage was recorded. When there was tumor progression or patients were treated at the investigator's discretion, and the type of second-line therapy was recorded.
Progression free survival (PFS) was calculated from the date of initial surgery to progression on MR imaging, or the date of last contact or death. Overall survival (OS) was calculated from the date of diagnosis to the date of last contact or death. Toxic effects were graded according to the National Cancer Institute Common Toxicity Criteria, version 2.0.
Statistics was done through IBM SPSS statistics v20.0 program. Median PFS and median overall survival were calculated using the Kaplan-Meier method (Kaplan & Meier, 1958) , and hazard ratio with Cox-regression model; differences in progression and overall survival (OS) were evaluated by the log-rank test for statistical significance.
Results
59 patients were recruited to the study. The median age was 55 years, range (19 -72) , among them 47 (79.7%) were males and 12 (20.1%) were females. The sex ratio was 3.9. Median KPS at diagnosis was 80 (60 -100) and the median of NPS was 1 (0 -3). Histopathological diagnosis showed GBM in the entire patient, 5 patients had multiple tumors (8.4%). Patient characteristics before treatment are summarized in Table 3 .
Patients were randomized after diagnosis by intension-to-treat (ITT) into two groups. Twenty nine patients (49.2%) were randomized to receive 6 cycles of adjuvant TMZ after the end of CCRT and 30 patients (50.8%) to receive more than 6 cycles after the end CCRT (>6 cycles arm). The patients were well randomized regarding gender, age, KPS and NPS. See Table 4 . Among the whole group of patients 11 (18.6%) patients underwent only biopsy, 7 of those biopsies was planned because of deep seated tumors, or multiplicity. Forty eight patients (81.3%) had maximal safe resection. Twenty one (35.6%) had subtotal resection and 27 (45.8%) had a gross total resection. Only 53 (89.8%) received postoperative CCRT, while 6 patient had only surgeries. The mean total dose of RT was (59 Gy ± 2.4 SD) (range 54 -62). Thus overall 53 patient started the CCRT, 26 (89.6%) at 6 cycles arm, and 27 (90%) at >6 cycles arm. Among those 53 patients who started the CCRT, only 43 (81.1%) finished the planned full dose chemoradiotherapy and 10 (18.8%) patients did not complete it, 5 patients in each arm. Three out of those 10 patients stopped the CCRT because of hematological toxicity. Thus 43 patients started to receive the adjuvant TMZ, 21 (72.4%) patients of the 6 cycles arm and 22 (73.3%) patients among the >6 cycles arm.
Out of the 21 patient in the 6 cycles arm, 16 patients finished the planned 6 cycles of adjuvant TMZ, while 5 (17.2%) patients received less than 6 cycles. Two patients received 3 cycles, one patient received 4 cycles and another 2 received 5 cycles only. Among the >6 cycles arm 3 patients (13.6%) received also less than 6 cycles, 2 received 2 cycles and one received 4 cycles. While 19 patients (86.3%) received more than 6 cycles. The median number of extended cycles of adjuvant TMZ for those patients was 11 cycles, and range (8 -23) . See Table 5 .
The patients were followed up for median of 15.2 months (range 2 -49.1 months). 58 patients died. See Table  6 . The Kaplan-Maier analysis showed median progression free survival (PFS) for all patients with ITT in the 6 cycles arm is 10.4 month [CI 95% 8.1 -12.6] and for >6 cycles arm 13.2 months [CI 95% 8.5 -17.8] (P 0.038) (Figure 1(a) ). Overall survival for whole 6 cycles arm versus >6 cycles arm are 14.1 months [95% CI 10.4 -17.7] versus 18.8 months [95% CI 11.9 -25.6] (P 0.07) (Figure 1(b) ).
While for the patient in the 6 cycles arms that completed 6 cycles of adjuvant TMZ the PFS was 12.1 months [95% CI 9.3 -14.8) while for those in the >6 cycles arm who received prolonged doses was 18.8 months [95% CI 14. 8 -22.7] . Cox-regression model analysis showed HR 0.88 [95% CI 1.185 -4.901] (P 0.015) (Figure 2(a) and Figure 2(b) ).
Univariate analysis (ANOVA) showed statistical for >6 cycles of adjuvant TMZ (P 0.026), KFS performance status (P 0.46), and NPS (P 0.00), and not significant for age (P 0.63) or gender (P 0.73). However in Multivariate analysis (MANOVA) it showed only significance of >6 cycles (P 0.036).
Regarding toxicity, almost all G3-4 toxicity only encountered during CCRT. Four (7.5%) patients out of 53 started the CCRT their weekly CBC showed persistent G3/4 hematological toxicity (3 thrombocytopenia and 1 neutropenia), which imposed stoppage of concurrent TMZ.
Adjuvant TMZ was well tolerated. Overall 5 (11.6%) patients reported thrombocytopenia, neutropenia. And 2 (4.6%) patients reported both. One patient had anemia (2.3%). Most of those hematological toxicity with adjuvant treatment was transient and without significant clinical implication other than short treatment delay and dose modification. Median time to relapse after the end of adjuvant chemotherapy in patients that completed CCRT only was 2.5 months, for those who finished at least 6 cycles of adjuvant TMZ is 4.1 months, and for those who received extended adjuvant TMZ is 6.8 months.
Overall 5 patients underwent re-surgery. All were in the patients who finished at least 6 cycles of adjuvant TMZ, 3 (18.8) in the 6 cycles arm and 2 (10.8) in the >6 cycles arm. Overall 20 (33.8%) patient received TMZ upon disease progression. Out off those patients 6 (30%) received the TMZ by alternative daily schedules. Eight patients out of the 59 patients (13.5%) only received salvage bevacizumab on the first or second progression. Three patients were in the >6 cycles arm, and 4 patients in the 6 cycles arm. ITT: intension to treat.
Discussion
GBM is the most common of all primary brain tumors and is associated with a median survival of approximately 5 months without treatment [14] . Before the wide use of temozolomide, chemotherapy achieved only small survival benefit. A Meta analysis published on 2002 based on 12 randomized trials investigating the efficacy of chemotherapy in glioma, showed a 5% increase in the 2-year survival (15% vs. 20%). However it included 37% low grade glioma with definitely more favorable prognosis [15] . Stupp and colleagues study that used CCRT, and 6 cycles of adjuvant 6 cycles showed a median overall survival of 14.6 months vs. 12.1 months for radiation only. And the mature result on 2009 demonstrated a persistent survival advantage up to 5 years (1.9% versus 9.8%) proving long lasting efficacy of TMZ [4] . However 73.5% die within the first two years, and still we have long way to go to improve the outcome. With lack of an effective second line treatment, ideas went to extending the adjuvant TMZ doses, use daily metronormic doses or adding new agent.
Holdhoff and Stuart denied the extended adjuvant strategy based the built up experience with chemotherapy in other solid tumors suggested maximum tumor cell kill is achieved with the first two to four cycles of chemotherapy. With no chemotherapy till disease progression did not improve the overall survival [16] .
In our study we recruited 59 patient randomized in two groups for either 6 cycles of adjuvant treatment or more than 6 cycles. Progression free survival and overall survival included those who managed to finish the treatment plan, and for the whole arm based on intension to treat analysis.
For arm one (6 cycles only arm) only 16 out of 29 patients completed the CCRT and 6 cycles of adjuvant TMZ (55.1%) and 19 out of 30 (63.3%) in arm two (more than 6 cycles) did the same with add extra doses of adjuvant TMZ.
Close results showed up in many trials. In the EORTC/NCIC study, 105 out of 287 patients (47%) in the radiotherapy and chemotherapy arm finished 6 cycles of adjuvant TMZ [3] .
In a study by Delion and Moraru on 273 glioma patients 115 patients (42%) received adjuvant monthly cycles of TMZ, and out of them in this group 60 patients (52%) had radio-logical evidence of disease progression before completing six cycles of adjuvant TMZ [17] .
In a retrospective French study by Darlix et al. examined files of 448 patients, 201 patients received Stupp protocol and 78 (38.8%) patients managed to finish it [18] .
Radiological assessment was done late by the end of the first 6 adjuvant TMZ and not earlier to avoid the treatment induced necrosis. Pseudo-progression is a well known phenomenon, explained by injury to the blood brain barrier by both radiotherapy and chemotherapy and is seen in 20% -30% of cases may show up after 1 month of CCRT and last for many months [19] - [21] it is.
Brandes and Franceschi suggested that pseudo progression resulted in over estimation of disease progression in CCRT arm in EORTC/NCIC, and this is why a small improvement of PFS of 6.8 months vs. 5 months was translated to consistent survival benefit which is not common in oncology [22] .
Unfortunately, other radiologic studies, such as positron emission tomography or nuclear magnetic resonance spectroscopy, have not been useful in this setting. As a result, in selected cases, tissue may be required to distinguish treatment-related effects from progressive neoplasm if clinically indicated.
In our study the median number of cycles in the (>6 cycles) group was 11, ranging from 8 -23 cycles. This is similar to the study by Delion and Moraru in which the median was also 11 and range 7 -13 [17] . While in the French study the median was 20 ranging 9 -26, and actually they excluded patient with less than 9 cycles from being analyzed among the prolonged administration group. They anticipated that no expected major difference between 6 and less than 9 cycles [18] . In another study over 114 although the median adjuvant cycles number was 6 however some patient received up to 57 cycles [23] . Moreover Khasraw reported one patient received to 8 years of adjuvant TMZ [9] .
The Median PFS for (>6 cycles) arm was 18.8 months vs. 12.1 months (P 0.01). The median overall survival for the (>6 cycles) arm was 24.1 months vs. 18.1 months for the standard 6 cycles arm (P 0.04). The 2-year survival for the same groups were 52.2% vs. 31.2 %, and for the whole patient is 27.1 months.
These results are very similar to the French study with median survival for the 6 cycles arm of 16.5 months, and for the extended adjuvant arms of 24.6 months (P 0.031) [24] .
If we compared these result with available data we find that while the all patients and the 6 months arm does not differ much from the 2 years survival in the EORTC/NCIC study with 2-year survival of 26.5 months and median OS of 14.6 month, however it apparently do better among those in (>6 cycles) arm who received TMZ till disease progression.
However this result is far less than the result showed by Darlix ET. Al. it showed PFS of 28.4 month (range 12.8 -34.2), 2-year survival of 76%, and 3 years survival of 48% for patients that received 9 cycles or more. However the prognosis in such result as a whole in both the standard 6 cycles and more was good, with 69.4% alive 24 months after diagnosis compared with 27.2% in the RT-TMZ arm of the EORTC-NCIC trial [18] . The authors attributed this impressive results 60.3% of complete tumor excision, and randomization was done among patients managed to finish the adjuvant 6 cycles of adjuvant TMZ.
Regarding toxicity, which is the other factor that can limit the prolonged administration of chemotherapy generally including TMZ, it was of limited effect overall. TMZ may cause myelosuppression and mainly thrombocytopenia, observed in approximately 12% -20% of patients [3] [25] .
Also known that RT, TMZ, and dexamethasone have a profound effect on total lymphocyte and CD4 counts, thus it requires prolonged Pneumocystis jiroveci prophylaxis [26] , which was routinely offered for all patients who started the CCRT.
In our patients, almost all G3-4 toxicity only encountered during CCRT. Out of 53 started the CCRT, 4 patients' encountered G3-4 hematological toxicity which imposed stoppage of concurrent TMZ, while during the adjuvant 4 weekly TMZ the hematological toxicity was transient and managed without significant impact on treatment.
Such finding is almost constant in most of the published data. Hau et al., series had few grade 3 -4 toxicities [6] . Malkom et al., in their retrospective study stated 8out of 46 patients (17.3%) required dose adaptation because of side effects in the adjuvant phase of their retrospective study [8] , and 1patient out of 58 (1.7%) had G4 lymphopenia grade during the additional cycles of TMZ (after the eighth), with no clinical consequence [18] .
In univariate analysis, more than 6 cycles of adjuvant chemotherapy, KFS performance status and NPS showed improvement of survival, with no impact on of age or gender. While in multivariate analysis it is only the prolonged adjuvant that showed improvement of Survival (P 0.036). In the French study the multivariate analysis showed effect only to CCRT (P 0.01) and the extended adjuvant treatment (P 0.014) with no effect to age, KPS, debulking, or MGMT promoter [24] .
Our study is prospective and showing results lumping with other retrospective studies and clinical practice advocate prolonged adjuvant TMZ till disease progression. However the number who managed to receive such treatment was small, and salvage treatment was not uniformal range from surgery to chemotherapy and bevacizumab.
Conclusion
Adjuvant TMZ post concurrent chemoradiotherapy till disease progression after in patients with GBM is feasible and well tolerated in most patients. Accumulated data, including this study, may suggest this strategy for improving outcome of GBM patients post 6 cycles with reasonable PS and still possible residual. A phase III study with large number of patient is required to support this conclusion.
